3GPP TSG-RAN WG1 Meeting #69
R1-122464
Prague, Czech Republic
21st – 25th May 2012
Agenda item:
6.6.6



Source:
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title:
HARQ retransmission in UL MIMO
Document for:
Discussion
1 Introduction

The WI to introduce MIMO with 64QAM for HSUPA aims to enable higher throughput to be achieved in the uplink.  In the previous meeting, some retransmission cases were discussed and the following cases were agreed.
· Retransmission of a failed rank1, rank2 allowed, Re-TX = rank1 always

· Retransmission of rank2 nack/nack, rank2 allowed, Re-TX = rank2

· Retransmission of rank2 nack/nack, max rank changed to 1, Re-TX = rank2

· Retransmission of rank2 nack/ack, Re-Tx stream 1, new data on stream 2, if data available and allowed by max rank

· Retransmission of rank2 ack/nack, new data available and rank2 allowed: new data on stream 1, Re-TX on stream 2

This contribution further discusses some of the agreements and other retransmission cases.
2 Discussions
Table 1list the possible retransmission scenarios.  Here the 1st transmission can also be a previous retransmission that had failed.
Table 1: Retransmission cases

	Case
	Max Rank Indicated by NB
	ACK/NACK for 1st Tx
	Power / buffer limited?
	Rank used for ReTx

	
	1st Transmission
	Re-transmission
	1st Stream
	2nd Stream
	
	

	1
	1
	1
	NACK
	-
	-
	1

	2
	1
	2
	NACK
	-
	-
	1

	3
	2
	1
	NACK
	NACK
	-
	2

	4
	2
	2
	NACK
	NACK
	-
	2

	5
	2
	1
	ACK
	NACK
	n
	FFS

	6
	2
	2
	ACK
	NACK
	n
	2

	7
	2
	1
	NACK
	ACK
	n
	FFS

	8
	2
	2
	NACK
	ACK
	n
	2

	9
	2
	1
	ACK
	NACK
	y
	FFS

	10
	2
	2
	ACK
	NACK
	y
	FFS

	11
	2
	1
	NACK
	ACK
	y
	FFS

	12
	2
	2
	NACK
	ACK
	y
	FFS


Case 1 does not involve a 2nd stream and hence the legacy procedure is used where the UE retransmits the packet for the primary stream using the primary stream.  

In Case 2, it was agreed that the UE will retransmit using rank 1.  If the 1st transmission on primary stream uses a code configuration other than 2xSF2+2xSF4, then the retransmission using the same code configuration will disallow rank 2 transmission.  However, if the 1st transmission on primary stream uses 2xSF2+2xSF4, then there seems to be no reason not to allow the UE transmit in rank 2 with new data on the second stream.  

Proposal 1: For Case 2, the agreement to force retransmission in rank 1 holds for the case when the original transmission on the primary stream used a code configuration less than 2xSF2+2xSF4. For Case 2 when the original transmission on the primary stream used 2xSF2+2xSF4, new data can be transmitted on the secondary stream (assuming the UE is not buffer limited).
In Case 3, it was agreed that the UE will use rank 2 and retransmit both packets on their respective streams, even though the maximum rank is restricted to rank 1. It is not clear whether this relates to the UE’s preferred rank for the retransmission having reduced to 1, or whether it relates to the NB having reduced the granted rank to 1. For the case when the UE’s preferred rank reduces to 1, the current agreement to force rank 2 transmission is at least workable. 

However, for the case when the NB indicated a max rank of 1, further consideration is required. Given that the NB knows that a retransmission is required on the secondary stream, it can indicate rank 2 if it wants to allow rank 2 transmission, and if the NB indicates a max rank of 1 it would presumably be for a good reason.  The current definition for case 3 denies the NB the possibility to restrict the rank to rank 1, which is contrary to the usual principles of the NB having full control of the upper limit on the UEs’ transmissions. Forcing a rank 2 transmission where only a rank 1 is feasible leads to poor radio conditions for the secondary stream and introduces inter-stream interference to the primary stream thereby affecting the retransmission in both streams.  Therefore, it is better that if the NB indicates rank1, the UE skip this retransmission on the secondary stream, i.e. assume this retransmission did not get through.  If the max HARQ retransmission has not been reached yet, the UE can perform retransmission in the same HARQ process in the next 8 HARQ processes if rank 2 transmission is available 

Proposal 2: For case 3, the agreement to force a rank 2 retransmission holds for the case when the NB has granted rank 2 for the retransmission subframe but the UE prefers rank 1. However, the UE should not do a rank 2 transmission if the max rank granted by the NB is 1; in this case no retransmission of the secondary stream takes place, and the redundancy version is incremented.  The HARQ retransmission for the secondary stream can continue later if the granted rank increases to 2 again before the max number of retransmissions is reached.
Case 4 is straight forward and has been agreed in the previous meeting.
For Case 5, it is highlighted in [1] that the NACKed packet in the secondary stream can be retransmitted on the primary stream:  since the NB is aware that a retransmission is required and that the rank has changed from 2 to 1, the NB could expect the retransmission is switched from secondary stream to the primary stream.   However, we prefer to avoid switching a transmission from one stream to the other, and follow Proposal 2, so here the retransmission on the secondary stream is not made and a higher layer retransmission would be required. Meanwhile a new transmission can take place on the primary stream. 
Proposal 3: For Case 5, retransmission on the other stream is not allowed. Therefore a new transmission can take place on the primary stream. 
Case 6 is straightforward and follows directly from the agreements in the previous meeting.  

In Case 7, the retransmission for the primary stream should be made on the primary stream.  Since there is no retransmission on the secondary stream and the max rank is 1, the UE shall perform rank 1 transmission in retransmitting the packet on the primary stream.
Proposal 4: For Case 7 (max rank changes from 2 to 1 with a NACK on primary stream and ACK on secondary stream), the UE performs rank 1 transmission and retransmits the NACKed packet on the primary stream.

Case 8 is straightforward and has been agreed in the previous meeting.  For buffer limited case, a rank 2 is only transmitted if the data on the secondary stream justify the usage of 2xSF2+2xSF4 codes.

Case 9 should follow the same behaviour as Case 5.

Proposal 5: For Case 9, retransmission on the other stream is not allowed. Therefore a new transmission can take place on the primary stream. 
In Case 10, since the max rank is 2, the retransmission of the NACKed packet in the secondary stream can be retransmitted on the secondary stream.  New data can be transmitted on the primary stream.  However, it is possible that there is no new data on the primary stream or the amount of data in the UE buffer does not justify the use of 2xSF2+2xSF4 [2].  Some possibilities are as follows:
· Switch retransmission to the primary stream and use rank 1 transmission.  The UE can use the Redundancy Version to indicate that this is a retransmission instead of new data.  However, it may be necessary to also indicate that the retransmission had been switched since it is possible that an ACK on the primary stream can be mis-interpreted as a NACK and the NB may need to differentiate this case to a switch in retransmission stream.
· Transmit in rank 2 and send the retransmission on both streams.  Similar to the switched case, it may be necessary for the UE to indicate that the primary stream contains a retransmission from the secondary stream.

· Transmit in rank 2 and retransmit the NACKed packet on the secondary stream.  On the primary stream dummy bits are transmitted.  At the MAC layer, a Scheduling Info with TEBS = 0 is sent to indicate dummy bits.
· Transmit in rank 2 and retransmit the NACKed packet on the secondary stream.  DTX the E-DPCCH and E-DPDCH.  This will reduce inter-stream interference on the secondary stream.
· Transmit in rank 2 and retransmit the NACKed packet on the secondary stream.  On the primary stream retransmit the ACKed packet, where this will be treated (using legacy method) as if an ACK has been misinterpreted as a NACK.

We believe that Case 10 without any new data does not happen very often.  Hence for simplicity, we prefer to transmit in rank 2 with retransmission on secondary stream and either DTX the E-DPDCH (indicating a zero TBS on the E-DPCCH) or retransmit the ACKed packet on the primary stream..

Proposal 6: For Case 10 (max rank stays at 2 with a ACK on primary stream and NACK on secondary stream and there is no new data), the UE transmits in rank 2 with the retransmission on the secondary stream.  Either DTX the E-DPDCH (with a TBS=0 indicator on the E-DPCCH) or retransmit the ACKed packet on the primary stream.
Cases 11 and 12 should follow the same behaviour as Case 7.

Proposal 7: For Cases 11 and 12 (max rank changes from 2 to 1, either due to grant limitation or due to power/buffer limitation, with a NACK on primary stream and ACK on secondary stream), the UE performs rank 1 transmission and retransmits the NACKed packet on the primary stream (as for case 7).

3 Conclusion
In this contribution we discuss the different retransmission cases under UL MIMO.  We propose the following:
Proposal 1: For Case 2, the agreement to force retransmission in rank 1 holds for the case when the original transmission on the primary stream used a code configuration less than 2xSF2+2xSF4. For Case 2 when the original transmission on the primary stream used 2xSF2+2xSF4, new data can be transmitted on the secondary stream (assuming the UE is not buffer limited).

Proposal 2: For case 3, the agreement to force a rank 2 retransmission holds for the case when the NB has granted rank 2 for the retransmission subframe but the UE prefers rank 1. However, the UE should not do a rank 2 transmission if the max rank granted by the NB is 1; in this case no retransmission of the secondary stream takes place, and the redundancy version is incremented.  The HARQ retransmission for the secondary stream can continue later if the granted rank increases to 2 again before the max number of retransmissions is reached.

Proposal 3: For Case 5, retransmission on the other stream is not allowed. Therefore a new transmission can take place on the primary stream. 
Proposal 4: For Case 7 (max rank changes from 2 to 1 with a NACK on primary stream and ACK on secondary stream), the UE performs rank 1 transmission and retransmits the NACKed packet on the primary stream.

Proposal 5: For Case 9, retransmission on the other stream is not allowed. Therefore a new transmission can take place on the primary stream. 
Proposal 6: For Case 10 (max rank stays at 2 with a ACK on primary stream and NACK on secondary stream and there is no new data), the UE transmits in rank 2 with the retransmission on the secondary stream.  Either DTX the E-DPDCH (with a TBS=0 indicator on the E-DPCCH) or retransmit the ACKed packet on the primary stream.
Proposal 7: For Cases 11 and 12 (max rank changes from 2 to 1, either due to grant limitation or due to power/buffer limitation, with a NACK on primary stream and ACK on secondary stream), the UE performs rank 1 transmission and retransmits the NACKed packet on the primary stream (as for case 7).
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